Introduction
Large-cell neuroendocrine carcinomas (LCNEC) of the lung are aggressive tumors exhibiting features of high-grade neuroendocrine tumors, a poor clinical prognosis and a biological behavior similar to that of small-cell lung carcinomas (SCLCs) (1) (2) (3) . However, the treatment of patients with LCNEC has traditionally been based on that of non-small cell lung carcinomas (NSCLCs). To improve the prognosis of patients with LCNEC, understanding the clinicopathological features and the effectiveness of treatment in patients with LCNEC is imperative. Recent reports have revealed the effectiveness of molecular-targeted therapy in patients with lung adenocarcinoma (AC) (4, 5) . Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI) has been effective for NSCLC, particularly in patients with lung AC and specific EGFR mutations in exon 19 or exon 21, or Asian patients (4) . The EGFR mutation status can be used as a good predictor of the clinical benefit of EGFR-TKI (6) . On the other hand, angiogenesis is also one of the hallmarks of cancer (7) . Vascular endothelial growth factor (VEGF) is an important regulator of angiogenesis, and inhibition of VEGF has demonstrated survival benefits for patients with colorectal cancers (8) . The expression of VEGF may also be related to prognosis in NSCLC (9) , with monoclonal anti-VEGF antibody therapy showing a potential survival benefit in these patients (10) .
Overexpression of the human epidermal growth factor receptor 2 (HER2) tyrosine kinase, usually due to over-amplification, has been linked to poor prognosis in breast cancer (11) . Treatment with recombinant monoclonal anti-HER2 antibody (trastuzumab) displays activity in patients with breast cancer, particularly with high HER2 expression. A type III tyrosine kinase (KIT) is encoded by proto-oncogene c-kit, and exhibits high expression rates in gastrointestinal stromal tumors (12) . The small-molecule tyrosine-kinase inhibitor imatinib is active against the intracellular ABL kinase, the chimeric BCR-ABL fusion oncoprotein of chronic myeloid leukemia, the transmembrane receptor KIT and platelet-derived growth factor receptors. Exposure of tumor cells dependent on the KIT pathway to imatinib blocks the kinase activity of KIT, arrests proliferation and causes apoptotic cell death (13) . Imatinib has shown a high responsive rate in gastrointestinal stromal tumors, a tumor otherwise refractory to conventional chemoradiation therapy (13, 14) . Little is currently known regarding expression of these markers in LCNEC, or the use of their corresponding targetspecific therapies in patients with these tumors. In this study, we report the gene expression and mutation analyses of LCNEC, and discuss the possibility of molecular-targeted therapy in the management of patients with LCNEC.
Patients and methods
We analyzed 13 tumors resected at the Kitasato University Hospital and diagnosed as LCNEC according to the WHO classification (1) . Immunohistochemical (IHC) staining was performed using a polyclonal anti-chromogranin A antibody (Dako, Glostrup, Denmark), a polyclonal anti-synaptophysin antibody (Dako) and an anti-neural cell adhesion molecule (NCAM) antibody (Nippon Kayaku, Tokyo, Japan). Neuroendocrine differentiation was identified by positive IHC staining for chromogranin A, synaptophysin or NCAM (1) .
In cases of combined LCNEC, the histological components of LCNEC were selected according to microscopic findings to perform analyses of IHC expression, gene expression or gene mutation. Additionally, we analyzed 14 consecutive patients with ACs as a comparative cohort. The Institutional Review Board of the Kitasato University Hospital approved the protocols and procedures (B08-32).
Expression and gene mutations of molecular markers
IHC analyses. IHC analyses of c-KIT, HER2 and VEGF were performed with anti-c-KIT (Dako, Tokyo, Japan), anti-HER2 (Dako) and anti-VEGF antibodies (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). The expression of HER2 was evaluated acccording to a previous study (15) . Overexpression was indicated by a score of 3+ or 2+, and weak expression by a score of 1+. Representative stains are shown in Figs. 1-3 .
EGFR gene mutation analysis. H&E-stained sections of formalin-fixed paraffin-embedded tissues were reviewed to identify regions of tissue composed of tumor cells. Genomic DNA was isolated using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. DNA extraction was identical for all mutation analyses. Exon sequences for EGFR (kinase domain) were amplified with specific primers by polymerase chain reaction (PCR). Molecularly pre-typed samples were selected based on results from direct DNA sequencing of EGFR (exons 18, 19, 20 and 21) (Fig. 4) .
K-ras gene mutation analysis. After DNA isolation, exon 2 of the K-ras gene was amplified by PCR using TaKaRa Ex Taq Hot Start Version (Takara Bio Inc., Otsu, Japan) with forward primer 5'-GTGTGACATGTTCTAATATAGTCA-3' and reverse primer 5'-GTCCTGCACCAGTAATATGC-3'. The expected products of 209 base pairs were sequenced bidirectionally using the BigDye Terminator Cycle Sequencing kit (version 1.1; Applied Biosystems) and an ABI Genetic Analyzer (model 3100; Applied Biosystems) (Fig. 5) .
c-kit gene mutation analysis. Exons 9, 11, 13 and 17 of the c-kit gene were amplified by PCR using the following oligonucle- otide primer pairs: for exon 9, 5'-TCCTAGAGTAAGCCAGGG CTT-3'/5'-TGGTAGACAGAGCCTAAACATCC-3'; for exon 11, 5'-GATCTATTTTTCCCTTTCTC-3'/5'-AGCCCC TGTTTCATACTGAC-3'; for exon 13, 5'-GCT TGA CAT CAG TTT GCC AG-3'/5'-AAA GGC AGC TTG GAC ACG GCT TTA-3'; for exon 17, 5'-CTCCTCCAACCTAATAG TGT-3'/5'-GTCAAGCAGAGAATGGGTAC-3'. The expected products were sequenced bidirectionally using the BigDye Terminator Cycle Sequencing kit (Applied Biosystems) and an ABI genetic analyzer (model 3100; Applied Biosystems) (16) .
EGFR gene copy number analysis by FISH. EGFR gene copy number was evaluated by FISH using the LSI EGFR Dual Color probe (Abbott Molecular, Des Plaines, IL, USA) hybridized to the band region 7p12 in Spectrum Orange (EGFR DNA probe) and the centromere of chromosome 7 (7p11.1-q11.1, D7Z1 locus) in Spectrum Green (CEP7 DNA probe). We calculated >60 tumor cells, and evaluated a gene-to-chromosome ratio per cell. The cut-off value was 2.0, and we estimated that tumor samples had a high EGFR gene copy number if a geneto-chromosome ratio per cell was ≥2.0 (Fig. 6 ).
Statistical analysis.
Fisher's exact test was used to compare binomial proportions. The χ 2 test was used to assess differences in gender, pathological stage, smoking status, IHC positivity for c-KIT, HER2 and VEGF, gene mutations for K-ras and EGFR, and FISH expression of the EGFR gene. The unpaired t-test was used to detect significant differences in patient age. A p-value <0.05 was considered statistically significant.
Results
There was no significant difference between patients with LCNEC and AC in relation to age, gender and pathological stage (Table I ). There was a significant difference in smoking status (Table I) .
Differential expression of study markers between LCNEC and AC are summarized in Table II . Markers with statistically significant differences in expression included c-KIT (p=0.0018) and HER2 (p=0.0037). The frequency of EGFR gene mutations was higher in the AC group (p=0.0128), with For the LCNEC cases exhibiting expression of c-KIT, we analyzed gene mutations of c-kit. However, no case with the c-kit gene mutation was noted.
Discussion
Previous studies have reported poor prognosis for patients with LCNEC, with 5-year survival rates ranging from 15 to 57% (2,3). Tumor recurrence is frequent and problematic, and even patients with stage I disease show 5-year survival rates of only 27-67%.
The role of adjuvant therapy in this disease is not well understood. Studies of adjuvant therapy in LCNEC have been few, with small series of patients, although some have shown satisfactory response to chemotherapy (17) .
Although molecular-targeted therapies for NSCLC, especially lung AC, are increasingly investigated, there are no current reports of such therapies in LCNEC. This may be partly due to the fact that LCNEC was only recently officially recognized by the World Health Organization in 1999, and because of the rarity of this tumor. The purpose of the present study was to examine the expression of some of these known molecular targets of therapy in LCNEC.
EGFR mutations are frequently observed in lung AC. In the present study, we confirmed EGFR mutations in 57.1% of ACs, but in only 1 [a silent mutation in codon 725 (ACG to ACA) of exon 18] of the 13 examined cases of LCNEC. Similarly, although previous reports have cited high EGFR copy number in ACs as predictive of response to EGFR-TKI therapy, no EGFR copy number expansion occurred in our LCNEC cohort as detected by FISH (18) . Given these low rates of EGFR mutations (noted in exon 18) and normal gene copy number, we believe that EGFR-TKI is not likely to be an effective therapy for patients with LCNEC.
Previous studies have shown a survival benefit with the use of anti-angiogenic factors in NSCLC (10) . In this study, LCNEC tumors frequently exhibited VEGF expression when compared to AC, suggesting a possible role for anti-VEGF therapy in the treatment of LCNEC. Further studies are warranted to investigate anti-VEGF therapies for this disease.
The effect of imatinib is largely predicted by the presence of activating c-kit mutations (19) . While we identified high expression rates of c-KIT in patients with LCNEC compared to ACs, no c-kit mutations were identified in our LCNEC cohort. Given that c-KIT expression does not appear to correlate with the presence of an activating c-kit mutation, further investigation is required to determine what effectiveness KIT inhibitors may have in LCNEC.
In patients with breast carcinoma, the overexpression of HER2 is an important predictor for the response of trastuzumab (11) . In this study, lung ACs had a significantly higher rate of HER2 IHC staining than LCNEC, with only 2 LCNEC cases showing overexpression of HER2. Although the rates of overexpression of HER2 in LCNEC were not high, potentially the small percentage of patients with tumors showing strong HER2 expression may benefit by treatment with trastuzumab.
In summary, we carried out a preliminary molecular screening of putative targets of therapy for LCNEC. High expression rates of VEGF, comparable to that observed in lung ACs, support the further assessment of anti-VEGF therapies in these patients; studies concerning anti-VEGF therapies in LCNEC patients have not been reported to date. Likewise, strong expression of HER2 and c-KIT in a subset of these patients suggests possible roles for targeted therapies, such as trastuzumab and imatinib. Additional analyses are warranted to better elucidate treatment responses to imatinib in c-KIT-positive patients, even in the absence of a c-kit mutation. Finally, the infrequent presence of an EGFR mutation and increased gene copy number suggest a minimal role of EGFR-TKI therapy for LCNEC patients.
